is applied. The proportions of participants above or below recommended amounts differ greatly for "meat and meat products" and "cheese." Conclusion: The mean intake at the groups level can easily be derived from the individual means approach. Since only the NCI method accounts for intra-personal variation, this method provides more valid intake estimates at the individual level and should be applied when, for example, individual intakes are compared with dietary recommendations.
take. Repeated 24-h dietary recalls allow accounting for this intra-individual variability. However, it is hardly feasible to collect more than a small number of repeats. In this situation, simply calculating individual means as the subjects' usual intake estimates lead to biased results, since the intra-individual variation is not sufficiently accounted for (e.g., [1] or [2] ). This is of special interest when the calculated food intake distribution is not correct. Especially with regard to the estimation of the prevalence of insufficient or excess food intake, the lower and upper ends of the distributions are relevant.
A variety of statistical methods exist that have been developed over the past decades to estimate usual intake distributions from repeated 24-h dietary recalls (e.g., [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] ).
In the final report of the European Food consumption Validation project, the use of repeated 24-h recalls combined with a food propensity questionnaire was recommended to assess the habitual dietary intake of subjects [12] . Souverein et al. [13] Assessment) and concluded that all methods provide comparable estimates of the simulated nutrient intake, but differing intake distributions of the simulated food groups. All methods are prone to lead to biased estimates in case of small sample sizes, skewed distributions, or high within-person variability. The NCI method and MSM are 2 statistical tools that enable estimations of the population's habitual intake distribution from at least 2 independent short-term measurements per subject, while offering the possibility to take into account some information from a food frequency questionnaire [8, 10, 14, 15] . Since the current implementation available for the MSM method may have limitations due to technical problems when covariates are included (see https://msm.dife.de/), we focused on the NCI method. In previously published comparisons of these different methods (e.g., [13, 16] ), the NCI method has not been found to be superior to the other methods, but it allows the inclusion of covariates when modeling intake amounts and probabilities. The sample size of the 2nd Bavarian Food Consumption Survey (BVS II) is sufficiently large to allow the application of the NCI approach [17] . We compare the NCI method and the individual means approach for describing the distribution of usual intake of food groups in the population. As the individual means approach underestimates low percentiles and overestimates high percentiles [18] , we compare it to the more sophisticated NCI approach that overcomes the individual means approach's drawbacks.
We examine implications when assessing the adequacy of food intake in the Bavarian population according to nutrition guidelines.
Methods

Study Design
The BVS II was designed as a cross-sectional study representative for the Bavarian population to investigate dietary and lifestyle habits. Between September 2002 and June 2003, 1,050 Germanspeaking subjects aged 13-80 years were recruited following a 3-stage random-sampling procedure. This recruitment procedure included the selection of 42 communities as so-called sampling points (stratified by county and community characteristics), a random walk (every third household) with a given start address, and a random selection of one household member who meets the selection criteria.
At baseline, data on lifestyle, socioeconomic and health status were collected using a computer-assisted personal interview. Within the following 2 weeks, both dietary intake and physical activity were assessed by 3 standardized computer-assisted telephone interviews on randomly selected days. All adult study subjects ( ≥ 18 years) who had completed at least one 24-h dietary and physical activity recall ( n = 879) were invited to their nearest health office for blood sampling and standardized anthropometric measurements within 6 weeks after recruitment. The overall participation rate in the study was 71%.
All participants gave their written consent and the study protocol was approved by the local Ethics Committee.
Assessment Methods
The standardized computer-assisted personal interview was conducted by trained interviewers from the NFO Health, Munich (now named TNS Infratest) and checked for plausibility and completeness. The interview topics included dietary attitudes, dietary knowledge and skills, shopping habits, reaction to food scandals, control of body weight, health status, physical activity, sedentary behavior, smoking behavior, sleeping behavior, and sociodemographic information.
Within 14 days after the recruitment, 3 standardized 24-h dietary recalls were conducted (CATI) by trained interviewers using the EPIC-SOFT software from the International Agency for Research on Cancer. The structure of the interview is described in detail elsewhere [19, 20] . Briefly, the 24-h dietary recall is divided into 4 sections: general non-dietary information, a quick list of foods consumed the day before the interview (foods are recorded per meal), a detailed description and quantification of the consumed foods, and quality control questions. The portion sizes were estimated by means of a photo book, showing pictures of models of cups, glasses, spoons, and plates filled with different sizes of food portions and dishes. The completion of one 24-h dietary recall took between 15 and 30 min.
The anthropometric measurements of a subsample were used to adjust self-reported weights and heights by means of regression models. As for other dietary assessment methods, dietary data resulting from 24-h dietary recalls are also at risk for underreporting (e.g., [21] or [22] ). Therefore, we excluded under-reporters for the present study. Underreporting was defined as reported energy in-166 take amounting to less than 80% of the basal metabolic rate [23, 24] . After the exclusion of under-reporters, data from 800 subjects with at least two 24-h dietary recalls remained in the sample for the analysis. For 780 participants of these participants, 3 recalls were available.
Covariates
Variables included in the analysis were age, gender, weight, height, BMI, smoking, physical activity, and socio-economic status (SES).
The descriptive analysis was carried out with respect to all of the above-mentioned variables. Here, BMI was analyzed as a continuous variable or categorized as underweight (BMI ≤ 18.5 kg/m 2 ), normal weight (BMI 18.5-24.9 kg/m 2 ), pre-obese (BMI 25-29.9 kg/m 2 ), or obese (BMI ≥ 30 kg/m 2 ) [25] . The age of participants was examined as a continuous as well as a categorical variable ("younger than 18 years," "18 to <30 years," "30 to <50 years," "50 to <65 years," and "65 years and older"). For the descriptive analysis, physical activity was included as a categorical variable, representing an either active or nonactive participant in self-reported regular sports activities during the last 12 months. A nonactive participant reported no regular activity on a weekly basis. Smoking status was assessed as "smoker," "ex-smoker" and "non-smoker." SES was assessed by household net income, educational level of the one who is being interviewed, and the career position of the principal earner. It was categorized into low, low-medium, medium, mediumhigh, and high based on the sum score derived by the single variables.
When modeling the usual intake, age and BMI were included only as continuous variables. Gender, smoking, physical activity, and SES were included analogously to the descriptive analysis. Additionally, the information whether the recall was referring to a weekday or a weekend day of consumption was accounted for in the models.
Statistical Methods
The descriptive analysis of main characteristics of the study population was conducted separately for men and women. We report arithmetic means and SDs or relative frequency as appropriate. No weighting was applied to the data, as the distribution of age among men and women was similar to the Bavarian source population [26] . In our sample, only males aged 60-64 and females aged 35-44 were slightly overrepresented.
We applied 2 different methods to estimate the usual intake of food groups. The basic individual means approach used data from the up-to-three 24-h dietary recalls and weighted it for weekday or weekend day by the factors 5/7 and 2/7, respectively, to estimate the mean amount of usual intake per participant (g/day). No further adjustment was undertaken with respect to age, gender, BMI, and so on. These results were compared to those derived by the NCI method [10, 15] . The NCI method fits a 2-part model for the consumption probability and the amount on consumption days. The probability is modeled by a logistic regression model, whereas for the amount on consumption days, a usual regression model is fitted. The consumption-day amount is fitted on a transformed scale: the dietary intake values are transformed by Box-Cox transformation close to a normal distribution and thereby the validity of the model parameters is increased. After appropriate backtransformation, the usual intake estimate in g/day is then derived as the product of probability and amount of consumption. The NCI provides SAS macros to carry out the modeling (http://epi. grants.cancer.gov/diet/usualintakes/macros.html). We used version V2.1 of the MIXTRAN and DISTRIB macro, and included age, gender, BMI, smoking, weekend or weekday of consumption, physical activity, and SES as predictors in both models. Age and BMI were included as continuous variables and the others as categorical variables. Freese et al. [27] described gender, age, and smoking status as major determinants of consumption-day amounts. To apply the NCI method, in some rare cases, food items had to be merged, as a minimum of 10 participants with at least 2 consumption days were required. This referred to "chicken and turkey," "milk and milk beverages" and "yoghurt and cream desserts, puddings." Further, outliers were removed where necessary to assure the convergence of the macros (beef consumption of more than 405 g/day, that is, more than mean ±4SD). For "nonalcoholic drinks" and "all cereals/cereal products," only the amount model was fitted, as the probability of consumption is equal to 1 for all participants.
Estimates derived from both methods were then compared with nutrition recommendations published by the German Nutrition Society (Deutsche Gesellschaft für Ernährung, DGE, www. dge-ernaehrungskreis.de). A comparison of the intake amounts derived from the individual means approach and the NCI method with the current food-based recommendations of the German Nutrition Society was not possible for all given complex recommendations. This is due to the fact that no individual estimates were derived by the NCI method and thus it was impossible to determine multivariate distributions to assess the simultaneous consumption of, for example, cooked vegetables and raw vegetables/ salad. Almost all recommendations include favored types of food within a food group to be consumed, for example, low-energy drinks or low-fat cheese. We compared these recommendations to the general food groups, that is, including all types of cheese and nonalcoholic beverages. For meats and eggs, the guidelines suggest weekly amounts that should not be exceeded. These were converted to amounts on a daily basis.
The statistical analysis was performed using SAS software, version 9. 
Results
Description of Population
Results from the descriptive analysis are presented in Table 1 . In the present study, 328 male (41%) and 472 female (59%) participants with a mean age of 47.5 and 45.8 years, respectively, were analyzed. The majority of men were found to be pre-obese or obese (44.2 and 15.9%, respectively), whereas this does not hold for the female participants (28.4 and 17.6%, respectively). Almost half of the women had normal weight (48.9%) compared to only 37.2% of the men participating in the study. For both genders, the majority of participants had a low-medium or medium SES (54.8% of men and 54.9% of women). A higher proportion of men had a high SES (15.7%) com-pared to women (7.2%). Smoking was more prevalent among men (30.5%) compared to women (21.7%). About 2/3 of the male and female participants were regularly performing exercise during the last 12 months.
Comparisons of Mean Usual Intake Estimates
Usual food and beverage intake is described using both the individual means approach and the NCI method. Tables 2 and 3 report the arithmetic means for men and women respectively. Overall, there was a good accordance of mean intake values across all food groups and subgroups. Among men, the NCI approach yields slightly smaller usual intake estimates for most food groups or subgroups, whereas among women, the NCI approach yields slightly higher estimates compared to those derived with the individual means approach. Irrespective of the method used, mean intake amounts of cereals and cereal products (in particular bread), meat and meat products (in particular red meat and processed meat), soft drinks and alcoholic beverages (in particular beer) were higher in men than in women. In contrast, women had higher mean intake amounts of fruits, milk and dairy product, coffee and tea and water. Tables 2 and 3 also show the percentiles for men and women derived by the individual means approach and the NCI method for all food groups and subgroups. The 25th, 50th, and 75th percentile values for the male participants are presented in Figure 1 and for the female participants in Figure 2 for the main food groups. When comparing the median usual intake amounts, the NCI method yields slightly higher values for all food groups or subgroups. This holds good for both men and women. Only for women, the median amount of "water" intake was estimated to be lower by the NCI method. These differences represent different locations of the food group and subgroup distributions. Examining the 1st, 5th, 25th, 75th, 95th, and 99th percentiles gives insight into the shape of both distributions. In men and women, all 1st, 5th, and 25th percentiles derived by the NCI method are higher than those derived by the individual means approach. This holds good for all food groups and subgroups. Regarding the 75th, 95th, and 99th percentiles for all main food groups in men and even the vast majority of subgroups in men and women, lower values are derived by the NCI method. In women, for the main food groups "all fruits," "all nonalcoholic beverages" and "all alcoholic beverages" slightly higher 75th percentiles and for "alcoholic beverages" even 95th percentiles were derived by the NCI method. This phenomenon generally reflects the shrinkage of the usual intake values toward the mean by taking into account that up to 3 repeated observations per individual are recorded. Exceptions arise mainly in cases for food groups that are irregularly consumed only, and therefore the individual means approach estimates a large number of zero amounts. This applies for example to "nuts and seeds," "ice cream" or "beef."
Comparisons of the Distributions of the Usual Intake Estimates
The major difference of both methods becomes apparent when looking at the 1st, 5th, and 25th percentiles. For food groups or subgroups that are only occasionally consumed, the individual means approach yields percentiles and even medians that are equal to zero. In contrast to this observation, the NCI method does not predict usual intake values of zero for potential non-consumers but instead very small amounts greater than zero. This holds true for men as well as for women. Proportion (%) of the study population who meet the recommendations published by the German Nutrition Society (DGE). In case of ranges recommended, the proportion of the study population with excess and insufficient consumptions is reported Sum of recommendations for "milk and dairy products" and "cheese." Table 4 shows comparisons of the selected recommendations with the derived usual intake estimates. Details on the conversion and selection of recommendations are given in the Methods section.
Comparisons of Usual Intake Estimates with Dietary Guidelines of the German Nutrition Society (DGE)
Comparing both methods, we found good accordance for the proportions of the study population meeting the recommendations. An exception arises for the food groups "eggs," "added fats" and, among men, as well for "fish." Here, the NCI method suggests a far better achievement of the recommended amounts in contrast to the individual means approach.
Taking a closer look at those who did not meet the recommendations of meat and meat product consumption, we found that the NCI method identified 91% of men and 60% of women consuming too much. These fractions are remarkably higher than 79% of men and 53% of women as identified by the individual means approach. The upper limit of the recommended amount, that is 85 g/day, is lower than the median of both distributions. For the food group "fish" and the sub group "cheese," the individual means approach identified considerably higher fractions of over-consumers (23% of men and 20% of women in contrast to 6% of men and 1% of women for "fish" and 17% of men and 10% of women in contrast to 5% of men and 2% of women for "cheese") compared to the NCI method.
Discussion
We used 2 different methods to assess the usual food intake: an individual means approach and the NCI method. The individual means approach weighted the data by taking the frequency of weekdays and weekend days into account. Applying the NCI method, the amount models as well as the probability models were adjusted for age, gender, BMI, SES, physical activity, and smoking. Additionally, the weekday of consumption was included.
Summing up the results, we see a good accordance of mean estimates by both methods among men as well as among women. Further, the median usual intake amounts estimated by the NCI method are slightly higher for all food groups or subgroups in men as well as in women.
Although both methods yielded comparable arithmetic means (by definition of the method), they were differing slightly due to the included adjustment variables in the NCI method. In contrast to the mean values, there were considerable differences with regard to the percentile values of most food groups and subgroups. When we compared the individual means approach with the NCI method, the median intake amounts (50th percentile) as well as the overall distribution differed. Higher 1st, 5th, 25th, and 50th percentile values and a majority of lower 75th, 95th, and 99th percentile values were found when the NCI method was used, reflecting the adjustment for within-person variation. Furthermore, extreme values (e.g., zero consumption) were more frequent when using the weighted means approach, as the NCI approach does assume that there are no usual non-consumers. This affects the tails of the distributions derived. The individual means approach does not result in a unimodal distribution for food groups with a number of zero amounts consumed. It seems that the distribution derived by the NCI with very low amounts instead of zero amounts better represents the true distribution. There are food groups that are not consumed on a daily basis and are therefore at risk of being missed by the 24-h dietary recall. Only in rare cases this will happen because of the fact that a food group is not consumed at all.
The distribution difference also had an impact when food intake was compared with the current recommendations of the German Nutrition Society. Using the NCI method, a larger proportion of the study population was identified to reach the recommendations for 5 resp. 6 food groups and subgroups out of 9 for men and women, respectively. Distributions of the usual intake of "fish," "egg," and "added fats" showed the largest differences with respect to the proportions that meet the recommendations. Interestingly, the proportions below the minimum and above the maximum of the recommended amounts differed strongly for certain food groups. Especially for the consumption of meat and meat products, the NCI method identified an even higher proportion of subjects exceeding the recommendations than the individual means approach. For "cheese," a distinctly elevated proportion of those consuming too little was identified by the NCI approach, whereas for "milk and dairy products" both approaches yielded very similar results. Therefore, by comparison of the 2 methods, additional insight is gained about the extent of over-and under-consumption for the various food groups compared to their recommended intakes.
The individual means approach is very easy to handle, but this comes with major drawbacks. It accounts neither for reported days without consumption nor for positively skewed consumption-day amounts. The individual means approach cannot distinguish within-person from between-person variation. This means that the distribution of within-person means has a larger variance compared to the distribution of the true usual intake values. This leads to biased estimates of the fraction of the population with usual intake values above or below given reference values [17] . Lastly, the individual means approach does not allow for the correlation between the probability of consumption and the consumption-day amount. Therefore it is evident, that the NCI method provides adequate estimates of the usual intake in a population, as has been shown by simulation studies (e.g., [13] or [18] ).
A feature of the NCI method is that it may incorporate food frequency information from an FFQ as a covariate. Since with the 24-h dietary recall only up to 3 days of consumption were recorded, there is a larger risk that foods were classified as not consumed just because they were randomly not consumed. However, this does not mean that these foods were generally not consumed. The usual intake of this food group or subgroup is estimated as a value greater than zero in any case. Including the FFQ can reasonably adjust the derived values [28] . This is another advantage of this method, although we do not have FFQ information available in the BVS II study. This is especially important when individual estimates are of interest, which is not the case in our analysis. Instead, our focus is the comparison to recommended reference values on the group level. The individual means approach cannot incorporate this information.
Our food intake data are in line with the 24-h dietary recall data of the National Food Consumption Survey II conducted between November 2005 and January 2007, which provides representative information on food intake in Germany [29] . We fitted the models for the main food groups on the aggregated food data and did not sum up all usual intakes derived for the sub food groups. This has to be kept in mind when comparing our findings to other studies, as we can therefore only compare main food groups. Overall, mean amounts of food intake differ only slightly between the 2 studies. Differences worth noting are found among Bavarian men, who usually consume more beer and meat or meat products and less milk or dairy products compared to the German population. Among Bavarian men and women, a lower usual intake of fruits and a higher usual intake of vegetables and cereals or cereal products compared to the overall German population were found [30] . However, regional differences in dietary behavior as well as differences concerning the food group definition may explain these results. Furthermore, data from the National Food Consumption Survey II showed that food intake differed considerably according to the dietary assessment method applied [31] .
The BVS II is a well-designed population-based study, representative of the Bavarian population with comprehensive data on dietary behavior. This allowed us to apply different methods for estimating dietary intake. We did not apply sampling weights to the data set because its sexspecific age distribution has been reported to be similar to the Bavarian reference distribution [26] . Three highly standardized 24-h dietary recalls allow a valid estimation of food intake at the group level (e.g., [32] ). However, since there was only one dietary assessment method conducted, it was not possible to combine data from different methods such as 24-h DR data with FFQ data. Usual intake estimates based on BVS II data have not been published before.
As we do not know the true usual intake amounts, the superiority of the NCI method over the individual means approach cannot be quantified, which is a drawback of the data reported. Nonetheless, the NCI overcomes the major disadvantages of the individual means approach.
Conclusion
Using the NCI method, this study provided reliable data on usual food intake among the Bavarian population. Although mean intake can easily also be derived from the individual means approach, only the NCI method gives valid information on the distribution accounting for intra-individual variation, which is important when food consumption or nutrient intake of a population above or below a given limit is evaluated.
